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conjugated, 49 
1-Acetoxycyclobutene, copolymerization, 
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failure to homopolymerize, 17 
preparation, 8 
1-Acetylbicyclobutane, copolymerization; 


free radical polymerization, 25 
preparation, 11 
Acid strength, 53, 72 
Acrylamide, 49 
Acrylic acid, 49 
Acrylic ester, 49 
Acrylic monomer, 47, 48, 53, 54, 58, 60, 75, 
78, 87 
Acrylonitrile, 48, 54—57, 60, 62, 66, 67, 71, 
72, 74, 75, 77, 78, 80, 84-86, 88 
cycloaddition to allene, 9 
to 1-chloro-2,2-difluoroethylene, 3 
to ethylene, 14 
to vinyl chloride, 3, 13 
Aldehydes, reactions with isocyanates, 
101, 102 
Alkylaluminum chloride, 48, 53, 54 
Alkylaluminum halide, 49, 50, 53, 54, 78 
Alkylaluminum sesquichloride, 49, 53 
Allyl acetate, 75 
Allyl chloride, 49 
Alternating copolymer, molecular weight 
of, 50 
stereoregularity of, 82, 84 
tacticities of, 82-84 
Alternating copolymerization, initiation 
of, 77-81 
kinetics of, 64-77 
mechanism of, 47-49, 65-77, 88, 89 
proposed mechanisms of, 50-53 
Alternating regulation, 51, 52 
mechanism, 48 
Aluminum trihalide, 49, 53, 54, 56 
Atacticity, 155 
Athermal solvents, 154 
Azobisisobutyronitrile, 49, 72, 74, 76, 79 
Benzene, 58, 62-64 
1-Benzoylbicyclobutane, preparation, 
11 
Benzoyl peroxide, 49, 69, 70, 78, 79 
Bicyclobutane, copolymerization, 31 
free radical polymerization, 26 
physical properties, 37 
preparation, 5, 12 
structure, 15 
Bicyclobutane-1-carbonitrile, alternating 
copolymerization with styrene, 
34 


anionic polymerization, 26 


complexed copolymerization, 34 
failure to undergo cationic polymer- 
ization, 26 
free radical polymerization, 24, 26 
physical properties, 37 
preparation, 6, 9 
Bicyclobutane-1-carboxamide, anionic 
polymerization, 26 
copolymerization, 31 
free radical polymerization, 25 
preparation, 12 
Bicyclobutane-1l-carboxylic acid, free 
radical polymerization, 25 
preparation, 12 
Bicyclobutane-1,3-dicarbonitrile, anionic 
polymerization, 26, 27 
free radical polymerization, 24 
preparation, 10 
Bicyclobutane monomers, copolymer- 
ization with cyclobutanes, 36 
with other bicyclobutane monomers, 
30, 35 
with vinyl monomers, 30 
failure to undergo coordination poly- 
merization, 27 
mechanism to polymerization, 15 
reactivity toward polystyryl radical, 
33 


reactivity ratios, 33 
thermochemistry of polymerization, 
15 
Binary complex, 53-57, 78 
reactivity of, 57 
structure of, 56, 57 
Binding force between methyl methac- 
rylate and aromatic donor, 63 
Bis epoxides, 109 
Bis glycinates, 115 
Block copolymers, 114 
Boron trifluoride, 49, 53, 76, 84 
complex with acrylonitrile, 64 
Butadiene, 48, 49, 60, 66-68, 71, 72, 77, 84, 
85 
Butene-2, 49 
3-Butenyl methyl ketone, 60 
t-Butyl bicyclobutane-1-carboxylate, free 
radical polymerization, 25 
preparation, 11 
Butyl methacrylate, 73 
t-Butyl 3-methylbicyclobutane-1-carb- 
oxylate, free radical polymeriza- 
tion, 25 
Calorimetry, 152, 153 
Carbon monoxide, 48 
Carbon tetrachloride, 50, 56, 75 
Carbonyl group, 49, 53, 54, 64, 75, 81 
Carbonyl stretching, 53, 54 
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Cathode, 80 
Cationic polymerization, 81, 88 
Chain configurations, 136f 
Chain transfer, reagent, 51 

reaction, 75 

solvent, 50 
Charge-transfer band, 55, 60, 62, 73 
Charge-transfer complex, 51, 71, 72, 81 
Charge-transfer interaction, 63, 87 
Chemical shifts of protons, 54, 58 
‘hlor« »bicyclobutane, copolymerization, 


failure to homopolymerize, 17 
preparation, 7 
2-Chlorobicyclobutanecarbonitrile, 
preparation, 14 
3-Chlorobicyclobutane-1-carbonitrile, 
free radical polymerization, 24 
preparation, 10 
Chloroform, 50 
Chloroprene, 49 
1-Chloro-1,2,2-trifluoroethylene, 
dimerization, 4 
Cis-configuration, 56, 57 
‘C-NMR spectrum, 55, 84 
Coheterotactic triads, 82, 83 
Coisotactic triads, 82, 83 
Comonomer complex, 48 
Complexed radical mechanism, 52, 53, 76, 
77, 85 
Configurational placement probability, 
single and double, 82, 83 
Conjugated vinyl compound, 49 
Continuous variation method, 58-60 
Copolymerization of cyclobutane mono- 
mers with vinyl monomers, 28 
Cosyndiotactic triad, 82, 83 
Cotacticities of copolymer, 82, 83 
Cross-initiation mechanism, 74 
Crosslinking, conditions, 147, 148 
degree of, 148, 149 
Cross-propagation constants, 52, 86 
Cross-propagation mechanism, 52, 68, 70, 
73-77, 84, 86 
Crystalline polymers, 209 
Crystallization, 136, 152 
Cyano group, 49, 53, 54, 75, 81 
Cyano stretching, 53, 54 
Cyclobutanecarbonitrile, preparation, 


cyclo- 


13 
Cyclobutane-1,2-dicarbonitrile, as an in- 
termediate for cyclobutanes, 3 
Cyclobutene, coordination polymeriza- 
tion, 19 
failure to polymerize anionically, 19 
failure to polymerize cationically, 17 
olefin metathesis polymerization, 22 
physical 37 
preparation, 4, ! 
structure, 15 


Ziegler-Natta polymerization, 21 
Cyclobutene-1-carbonitrile, copolymer- 
ization, 28, 29 
free radical polymerization, 17 
preparation, 6 
Cyclobutene-1-carboxylic acid, prepara- 
tion, 7 
Cyclobutene-1,2-dicarbonitrile, copoly- 
merization, 28 
preparation, 6, 7 
Cyclobutene monomers, copolymerization 
with bicyclobutanes, 36 
copolymerization with each other, 36 
with vinyl monomers, 28 
mechanism of polymerization, 15 
recipes for polymerization, 15 
thermochemistry of polymerization, 
15 
Cyclopentene, 49 
Cyclization, 155, 156 
Depolarized light scattering, 156 
Deuterated polymers, 156 
‘Diels-Alder adduct, 71-73 
Diels-Alder reaction, 71-73 
Diethylaluminum chloride, 53-55, 73 
complex with methyl acrylate, 64 
Diethyl fumarate, 80, 81 
3,3-Difluorocyclobutene-1-carbonitrile, 
copolymerization, 28, 29 
failure to homopolymerize, 17 
preparation, 12 
2,2-Dimethylbicyclobutane-1-carboni- 
trile, free radical polymerization, 
24 
preparation, 12 
Dimethyl 1,3-bicyclobutanedicarboxy- 
late, free radical polymerization, 
25 


2,3-Dimethy] butadiene, 49, 73 
p-Dioxene, 48 
Dipole moments, 155 
Divinyl ether, 60 
Donor monomer, 48, 58, 60, 61, 63, 84, 
87 
conjugated, 49, 87 
nonconjugated, 49, 88 
Double complex, 52, 53, 70 
formation, 48 
Elastin, 141, 142 
Electro-initiation, 80, 81 
Electron-accepting monomer, 48 
Electron density, 54 
p-Electron density, 55 
Electron in acrylic monomer, 
53-5 
Electron spin resonance (ESR) spectra, 
71, 73, 77-79 
Enamines, reaction with isocyanates, 


Enthalpy for molecular complex forma- 


tion, 61, 62 

Entropy for molecular complex forma- 
tion, 61, 62 

Equilibria of binary complex formation, 


55, 


Equilibrium constants, 55, 56, 61, 62, 68, 
70 

for binary complex formation, 55, 56, 
61 


for ternary molecular complex, 61-64 
Equimolar alternating copolymer, 48, 
49 


Ethyl acrylate, 76 
Ethylaluminum dichloride, 53-55, 62, 
66-68, 78, 84 
complex with acrylonitrile, 55, 60, 62 
with methacrylonitrile, 55 
with methyl! methacrylate, 60 
Ethylaluminum sesquichloride, 54, 55, 65, 
66, 74, 78, 81-83, 85 
Ethyl bicyclobutane-1-carboxylate, 
preparation, 9 
Ethylene, 49, 76, 84 
cycloaddition to acrylonitrile, 14 
Ethylene oxide, reaction with isocyanates, 
103 
Ethylene—propylene copolymers, 155 
Excluded volume interactions, 156 
Extended Hiickel calculation, 87 
Ferric chloride, 54, 79 
Fibers, hard-elastic, 209 
Five-component interpolymerization, 


Five-coordination trigonal bipyramid, 


1-Fluorocyciobutene, failure to homo- 
polymerize, 17 
preparation, 17 
Free energy of mixing, 156 
Fumaric ester, 48 
Gas-liquid chromatography, 156 
Gaussian equation of state, 147 
Gutta percha, 155 
Half-occupied orbital, 86, 87 
Hexafluorocyclobutene, copolymerizati- 
on, 28 
preparation, 8 
radical polymerization, 17 
Ziegler-Natta polymerization, 22 
n-Hexane, 56-59, 61, 67 
Hexene-1, 49, 60, 62, 64, 88 
Highest occupied orbital, 86, 87 
Hickel calculation, 86 
Hydrogen abstraction, 78, 79, 87 
Hydrogen transfer, 78 
Imines, reaction with isocyanates, 111, 
121, 123 
Infrared absorption bands, 54 
Initiation, by radical initiator, 79, 80 
of cationic polymerization, 81 
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Interaction, among Lewis acid, acrylic 
monomer, and donor monomer, 
60 


between acrylic monomer and donor 
monomer, 58-60 
between acrylic monomer and Lewis 
acid, 53-57 
Intermolecular ordering, 136, 152, 156, 
157 
Intramolecular interactions, 155 
Intrinsic viscosity, 65, 73 
Ionization potential, 63 
IR spectra, 77 
Isobutylaluminum dichloride, 78 
Isobutyrene, 48, 75 
Isocyanates, drying, 96, 97 
homopolymerization, 97-100 
reaction with aldehydes, 101, 102 
with N,N-dimethylformamide, 121 
with dimethy] sulfoxide, 127 
with enamines, 124 
with ethylene oxide, 103 
with hexamethylphosphoramide, 
126 
with imines, 111, 121, 123 
with N-methylpyrrolidone, 123 
with tetramethylurea, 125 
trimerization, 99, 122, 123, 127, 128 
Isoprene, 49 
Isotactic diad addition between como- 
nomer, 82, 83 
Isotacticity, 155 
Isotropic swelling, 149, 150 
Ketelaar plot, 62 
Ketenes, 101 
Ladder polymers, 103 
Leuch’s anhydride, 116 
Lewis acid, 48-50, 52, 53, 71, 72, 87 
acidity of 53, 54, 71, 72 
complex formation with, 53 
complex of acceptor monomer with, 
50-52 
Light, irradiation of, 49, 77 
wavelength of, 50, 77 
Lowest vacant orbital, 86 
Maleic anhydride, 48 
Matrix, 51, 66 
Methacrylic anhydride, 84 
Methacrylonitrile, 49, 57 
1-Methoxycyclobutene, cationic poly- 
merization, 17, 19 
failure to undergo radical copolymer- 
ization, 
preparation, 8 
Methy] acrylate, 74, 75, 81, 84, 86 
1-Methylbicyclobutane, cationic poly- 
merization, 26 
reparation, 12, 13 
preparation, 12 
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3-Methylbicyclobutane-1-carbonitrile, 
anionic polymerization, 26, 27 
preparation, 9 
Methy! bicyclobutane-1-carboxylate, 
anionic polymerization, 26, 27 
free radical polymerization, 24, 25 
preparation, 12 
1-Methylcyclobutene, olefin metathesis 
polymerization, 22 
preparation, 5 
Methyl cyclobutene-1-carboxylate, co- 
polymerization, 29 
free radical polymerization, 17 
preparation, 7 
Methylene chloride, 56, 76 
3-Methylenecyclobutanecarbonitrile, as 
intermediate for bicyclobutanes, 


-Methylenecyclobutene, anionic poly- 
merization, 18, 19 
cationic polymerization, 18 
copolymerization, 28 
preparation, 5 
Methy! isobutylate, 60 
Methyl! methacrylate, 48, 54-61, 65, 66, 
71, 74, 81-85, 87 
Methyl 3-methylbicyclobutane-carbox- 
ylate, free radical polymerization, 
25 
-Methyl-3-methylenecyclobutene, an- 
ionic polymerization, 18, 19 
cationic polymerization, 18 
coordination polymerization, 20 
preparation, 5 
a-Methy!l styrene, 49, 81-83 
Mooney-Rivlin constants, 146, 148 
Natural rubber, 143, 145, 146, 148-151, 
153, 155 
Neoperty! bicyclobutane-1-carboxylate, 
preparation, 11 
Neutron scattering, 156 
Nicotine, optical rotation charge of, 54 
NMR time scale, 56 
Nuclear magnetic resonance, 155 
1-Nylon polymers, 98-100, 103 
Octahedral six-coordination, 56 
Optical anisotropy, 155, 156 
Optically active poly(isocyanates), 100 
Optical rotation, 53, 54 
1,3-Pentadiene, 72 
Phenol, solvent for isocyanate reactions, 
116 
1-Phenylbicyclobutane, preparation, 13 
3}-Phenyl-1-bicyclobutanecarbonitrile, 
preparation, 10 
1-Phenylceyclobutene, anionic polymer- 
ization, 19 
cationic polymerization, 18 
copolymerization, 29 
failure to undergo free radical homo- 
polymerization, 17 


preparation, 8 

Ziegler-Natta polymerization, 22 
Phenylethylaluminum dichloride, 77 
Phospholene oxides, as carbodi-imide 


catalysts, 126, 127 
Photo-initiation, 80, 81 
Photo-irradiation, 68-70 
Poly(O-acyloximes), 109 
aliphatic, 


Poly(amic-acids}, 
164 
synthesis, 163, 164, 167 
thermal conversion, 169 
aromatic, activation energy for con- 
version, 170 
chemical conversion, 171 
infrared spectrum, 169 
molecular weight, 176 
polymerization temperature, 166 
salts, thermal conversion of, 177 
solution degradation, 176 
solvents, 164 
synthesis, 167 
thermal conversion, 169, 170 
Poly(amide-imides), properties, 197 
second-order transition temperature, 
197 
synthesis, 172, 173 
Poly (amides), 111, 116, 121 
Poly (benzoxazinediones), 118 
Poly (benzoxazinones), 118 
Polybicyclobutane-1-carbonitrile, fiber 
properties, 38 
film properties, 38 
molecular weight, 39 
solubility, 38 
tensile properties, 41 
thermal behavior, 38 
thermal stability, 38 
cis-1,4-Polybutadiene, 
155 
links from polymerization of cyclobu- 
tene, 20 
trans -1,4-Polybutadiene, 155 
links from polymerization of cyclobu- 
tenes, 20 
Poly(butene-1), 155 
Poly(n-butyl acrylate), 155 
Poly (tert-butyl N-vinylcarbamate), hy- 
drolysis, 104 
thermolysis, 103, 104 
Poly (carbodi-imides), 110 
Polycyclobutene, erythrodiisotactic, 20 
erythrodisyndiotactic, 20 
Polycyclobutene-1-carbonitrile, 
pression molding, 37 
glass transition temperature, 37 
physical properties, 37 
structure, 37 
Polydimethylsiloxane, 141, 146, 148, 150, 
151, 153-155 
Poly(ester-imides), properties, 199 


solvents, 


148-151, 153, 


com- 


SUBJECT INDEX 


second-order transiti#n temperature, 
199 


synthesis, 173 
Polyethylene, 141, 142, 148, 149, 151, 
153-155 
Poly (hydantoins), 115, 116 
containing heterocyclic rings, 116 
Poly (hydro-uracils), 117 
Poly (imides), 111, 113 
aliphatic, molding, 178 
properties, 177, 178 
synthesis, 161, 163 
thermal stability, 179 
aromatic, activation energies: thermal 
degradation, 184, 185 
aromatic/aliphatic thermal stability, 
181 


coated glass, 203 
color, 191, 192 
composite structure, 203 
crystallinity, 191 
fibers, 202 
film, 199, 200 
gaseous by-products: thermal deg- 
radation, 186 
heterocyclic, 174, 181 
hydrogen-free, 183, 184 
hydrolytic stability, 187 
infrared spectrum, 169 
molding compounds, 201, 202 
molecular weight, 189, 190 
radiation resistance, 188, 189 
solvents, 189 
synthesis, 169 
thermal stability, 179 
thermal stability vs. structure, 179, 
181 
thermogravimetric analyses, 179, 
180 
transition temperature, 192, 197 
ultraviolet stability, 190 
wire enamel, 201 
Poly (iminoimidazolidinones), 115 
Polyisobutylene, 143, 146, 151, 153-155 
cis-1,4-Polyisoprene, 155 
trans-1,4-Polyisoprene, 149, 150, 
55 
Poly (oxazolidinediones), 116, 117 
Poly (oxazolidinones), 109, 110 
Polyoxyethylene, 143, 144, 150, 154, 155 
Poly (parabanic acids), 114 
Poly(n-pentene-1), 154, 155 
Polypropylene, springy, see Springy 
polymers, 211 
fatigue behavior, 249 
mec hanic al properties in the wet state, 
255 
work loss measurements, 254 
Poly (quinazolinediones), 118 
Poly (semicarbazides), 109, 110 
Polystyrene, 150, 153 


153, 


Poly(tetramethylene oxide), 155 
Poly (urea acids), 120 
Poly (ureas), 107, 108 
cyclic, 104 
heterocyclic, 107 
silyl-substituted, 107 
Poly (urethanes), 106 
Poly (urylenes), 108 
Poly(vinyl alcohol), 146, 147 
Poly(vinyl chloride), 155 
Propionitrile, 60, 62, 64 
Propylene, 49, 75, 76, 78 
Proton chemical shifts, 58, 61, 62 
Radical end, 52 
Radical initiator, 48, 49, 68, 79, 80, 87, 
88 


Radius of gyration, 156 
Raman lines, 57 
Raman spectrum, 56 
Rapid exchange between acrylic mono- 
mers, 56 
Rotational isomeric state theory, 138, 154, 
155 
Rubberlike elasticity, compression, 143, 
144, 150 
elongation, 136f, 149, 150 
energetic effects, 136f, 154 
experimental techniques, 138f 
extent of deformation, 150-152 
reduced force, 138 
shear, 149, 150 
stress, 138 
theoretical postulates, 135, 136, 157 
thermal expansion effects, 137, 140, 
141 
torsion, 137, 143, 145, 149, 150 
types of deformation, 149, 150 
Scott plot, 62 
Sn-Cl stretching, 56 
Spontaneous copolymerization, 74 
Spontaneous initiation, 52, 77-79 
Spontaneous polymerization, 50 
Springy polymers, history, 211 
mechanical properties, 236 
abrasion and wear resistance, 255 
effects of cyclic loading, 242 
elongation at rupture, 237 
permanent set, recovery, and healing, 


stress relaxation and creep behavior, 


yield stress, 237 
Young’s modulus, 237 
morphology, 214 
processing 216 
physical mechanism, 2! 
energy models, 258 
entropic models, 267 
neglected modeling requirements, 
269 
Stannic chloride, 49, 53-57, 61, 68-71, 82, 
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83, 87 
complex with methacrylonitrile, 56, 
ol 
complex with methyl methacrylate, 
55-57 
Strain birefringence, 156 
Styrene, 48, 49, 61, 65, 66, 74, 80-87 
Sulfur dioxide, 48 
Swelling equilibrium, 140, 146, 147, 153 
Swollen networks, 152, 153 
Syndiotacticity, 155 
Ternary molecular complex, 50, 51, 53, 
62-65, 68, 69, 71, 76, 78, 79, 81, 82, 
85-88 
dimer of, 51, 66, 80 
excited state of, 51, 72, 88 
ground state of, 51, 72, 80, 87 
mechanism, 50-52, 65-73, 76 
Terpolymerization, 75, 84, 85 
Tetrahedral four-coordination, 56 
2,2,4,4-Tetramethylbicyclobutane, co- 
polymerization, 31 
preparation, 13 
2,2,4,4-Tetramethylbicyclobutane-1-car- 
bonitrile, free radical polym- 
erization, 24 
preparation, 10 
Thermal expansion coefficients, 137, 140, 
141, 147 
Thermoelasticity, 136f 
Theta solvents, 154 
Toluene, 56, 57, 61. 62, 68, 78 
Trans -configuration, 56, 57 


Tri-n-butylboron, 69, 70 

Triethylaluminum, 49, 53, 54 

2,2,3-Trimethylbicyclobutane-1-carbo- 
nitrile, anionic polymerization, 
97 


Zi 
Unperturbed dimensions, 138f, 154-156 
UV irradiation, 77, 78, 80, 85, 88 
Vanadyl chloride, 66, 67, 72, 79 
Vapor pressure measurements, 156 
Vinyl acetate, 48, 49, 85 
1-Vinylbicyclobutane, preparation, 13 
3-Vinyl-1-bicyclobutanecarbonitrile, 
preparation, 10 
Vinyl chloride, 49, 76 
cycloaddition to acrylonitrile, 13 
Vinyl ether, 48 
Vinyl group, 54 
Vinylidene chloride, 49 
Vinylidene cyanide, 48 
Vinyl monomers, copolymerization with 
bicyclobutane monomers, 28 
copolymerization with cyclobutene 
monomers, 28 
Viscosity-temperature coefficients, 153, 
154 
Xanthone, 53 
Zinc bromide, 80, 86 
Zinc chloride, 48, 50, 53-55, 73, 74, 78, 80, 
83, 84, 86, 88 
complex with acrylonitrile, 58, 62 
with methacrylonitrile, 58, 82 
with methyl methacrylate, 56, 57 
Zinc halide, 49, 53 
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